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1960 Conference on 


N ORE than 800 scientists and engineers from 

industry, universities, and Government par- 
ticipated in a Conference on Standards and Elec- 
tronic Measurements, held June 22 to 24, at the 
Bureau’s Boulder (Colo.) Laboratories. Spon- 
sored by the American Institute of Electrical 
Engineers, the Institute of Radio Engineers, and 
the National Bureau of Standards, the 3-day meet- 
ing provided an opportunity for the exchange of 
information and ideas concerning the most recent 
developments in the field of electronics and 
measurements. 

The technical program, under the chairmanship 
of Dr. George E. Schafer (NBS-Boulder), pre- 
sented 40 papers during 6 technical sessions. 
These included Current ond Future Problems in 
Standards and Electronic Measurements; Fre- 
gency and Time Standards; Methods of Measure- 
ment for Materials; Microwave Standards and 
Calibrations; Direct Current and Low-Frequency 
Standards and Calibrations; and High-Frequency 
Standards and Calibrations. Among the more 
important and interesting topics covered were 
standards and measurement techniques for elec- 
trical quantities at frequencies ranging from di- 
rect current through the microwave region, the 
most pressing current problems in establishing 
universally accepted consistent standards, and a 
considered speculative look at the most probable 
causes of difficulty in the future in making stand- 
ards and electronic measurements. 

Advances in the field of standards and measure- 
ments since the first such conference in Boulder 
in August 1958 have served to emphasize the need 
for constant effort to improve accuracy in elec- 
tronic measurements and standards. In addition 
to the continuing problems in large-scale precision 
production of electronic equipment, instruments, 
and systems—including major parts of aircraft 
control, rocketry, and missile guidance—the ad- 
vent of space vehicles has brought to the fore the 
need for highly specialized electronic systems 
whether the vehicle be manned or unmanned. For 
satisfactory operation, the separate components of 
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Standards and Electronic Measurements 


these different systems must be chosen particularly 
for their function and constructed and evaluated 
according to accurate reference standards. Very 
slight deviations from electronic specifications 
may result in complete failure of a missile or other 
device. 

In the past 2 years, tremendous strides have 
been made in developing and applying industry- 
wide standards, but the electronic industry keeps 
expanding so rapidly that it has been impossible 
for research in electronic standards to keep pace. 
Furthermore, interchange of information has 
lagged behind the acquisition of such information, 
with resulting differences bet ween reference stand- 
ards developed by one organization and those of 
another. Uncertainties and variations in electric 
standards and radio materials have resulted in 
electronic units being built and used without pre- 
cise knowledge as to how well they will operate 
or how long they will last. 

The critical importance of common standards, 
adopted by all, was emphasized by the technical 
sessions of the Conference. Large attendance, 
lengthy private discussions, and the exchange of 
questions and answers between platform and floor 
made it clear that both industry and government 
are aware of the urgent need for universally 
accepted, consistent measurement standards in the 
electronic field on a still more advanced level than 
ever before. 

Dr. Frederick W. Brown, Director of the Boul- 
der Laboratories, opened the conference. He was 
introduced by Conference Chairman Ivan G. Eas- 
ton (General Radio Co.). In his opening ad- 
dress, Dr. Brown discussed the importance of 
standards and measurement techniques to elec- 
tronics and emphasized the need for a systematic 
approach to the wide range of standards and 
measurements problems associated with the field. 

The participants also heard a talk by Dr. Ber- 
nard M. Oliver (Hewlett-Packard Co.) at the 
Conference luncheon on June 23. Dr. Oliver 
reviewed the role of quantitative measurement in 


The Proceedings of the Conference will be published by the IRE Professional Group on Instrumentation about November. 
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the development of the sciences. He stressed the 
importance of precise measurement in exploring 
second-order effects that might not be revealed 
by less precise experimentation, and the coopera- 
tion of science and technology to provide the pre- 





cision instruments needed for further researct:. 
He also pointed out that in many cases scien 
can be overprecise, resulting in unnecessary con 
plexity and expense where less precision could 
still provide adequate performance of equipment. 


Session I: Current and Future Problems in Standards and Electronic 
Measurements 


During the first session of the Conference, pre- 
sided over by L. B. Witson (Sperry Gyroscope 
Co.), some of the more pressing needs for in- 
creased accuracies, greater ranges, and new cate- 
gories of measurement in the field of electronic 
standards were examined. These needs were 
roughly defined by several calibration surveys, the 
most prominent being that of the Aerospace In- 
dustries Association in connection with the design 
and development of advanced military weapon 
systems. 

Cou. R. F. Srotte (Wright-Patterson AFB) 
presented an orderly approach to determining the 
precision measurement requirements of an aero- 
space system through research and development. 
Particular emphasis was given to the steps needed 
to maintain integrity of measurement require- 
ments in the production and operational phases 
by using proper calibration equipment and meth- 
ods. The suggested approach was also extended 
to a hypothetical space research system. 

J.B. Herserr (Goddard Space Flight Center) 
discussed the system and component requirements 
of a satellite-tracking system having an accuracy 
of 0.1 milliradian under optimum conditions. 
The radio-interferometer angular-tracking sys- 
tem, Minitrack, makes extensive use of tec hniques 
which minimize the effects of component inaccu- 
racies, yet some precision components are needed. 
The time standard, in particular, was designed 
to have an accuracy of 1 part in 10° or 1 msec 
day. The results of 214 yr of trac king experience 
were given and reference made to the extensive 
geophysic al data acquired. 

W. G. Donatpson (Federal Electric Corp.) 
spoke of the many problems encountered when a 
complex radar and communications system such 
as the DEW line must be kept within specified 
tolerances during operation. Lacking an inte- 
grated calibration system, a standards laboratory 
and mobile calibration team had do the job 
with more than 80 different types of test equip- 
ment. Although the standards in use were certi- 
fied by NBS and the National Research Council 
of Canada, there were also problems of establish- 
ing valid calibration procedures. 

H. W. Lance (NBS-Boulder), Chief of the 
Electronic Calibration Center, undertook an ex- 
amination of the concept of “traceability of cali- 
brations to NBS” and the conditions under which 
this traceability may be said to exist, as part of 
the larger problem of increasing demand for cali- 
bration service from NBS in the effort to achieve 
nationwide standardization of electronic measure- 
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ments. Particular attention was directed to cr 
teria for staff and instrumentation of electronic 
standards laboratories, the choice of interlabora- 
tory standards to be submitted to NBS, and the 
use of these standards before and after calibration. 
Services available and what to do when needed 
calibration services are not available from NBS 
were outlined. 

A. G. McNisu (NBS-Washington) attacked the 
prevalent fallacy that in a chain of standards 
traceable back to a central laboratory each stand- 
ard must be calibrated in terms of a standard 10 
times more accurate. The converse implies a ten- 
fold degradation in accuracy with intolerable 
conditions at the working level. Experimental 
data on errors in calibrations and an examination 
of factors affecting accuracy in calibration indi- 
cated that a more realistic—and accurate—view is 
that a chain of standards is as accurate as its 
weakest link. 

Dr. E. L. Crow (NBS-Boulder) presented 
statistical mathematical approach to the problems 
of accumulated error in a hierarchy of calibration. 
Referring again to the frequently made statement 
that the accuracy of each echelon should be 10 
times the accuracy of the immediately following 
echelon, he derived formulas for the total error 
accumulated over the entire sequence when sys- 
tematic and random errors may occur at each 
echelon, and for determining how a given total 
error may be achieved at minimum total cost 
under reasonable assumptions for the form of the 
cost-error functions. 

EK. Preestes (Lockheed Aircraft Corp.) com- 
mented on an extension of normal industrial 
operation undreamed of in the past : maintenance 
of an adequate chain of calibration in the complex 
of subcontractors and vendors involved in a prime 
defense contract. Since standards with con- 
stantly narrowing interrelating tolerances must 
be supplied, the prime contractor is obliged to co- 
ordinate the calibration programs of his suppliers 
to assure compatibility, and to see the proper ra- 
tios of accuracy between each level of calibration, 
adequate frequency of calibration, and direct 
traceability to the national standards are main- 
tained, 

On the evening of June 23, informal evening 
discussions, including papers, were held, supple- 
menting the work of three regular technical ses- 
sions. Part I of the evening discussions related 
to the work of Session I. It was moderated by 
Hersert Barnuarr (General Electric Co.-Syra- 
cuse, N.Y.) and dealt with 7'raceability, Stability, 
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und Compatibility of Measurements and Calibra- 
tions. 

During these discussions, F. M. Deranporr and 
F. L. Hermacu (NBS-Washington) presented an 
\alysis of errors in tests of electrical instruments 
which gave further evidence that in some cases a 
much smaller ratio than 1 to 10 can suffice for 
the relation between the accuracy of a standard 
and that of the instrument being calibrated. 

R. E. McCatitum (Sandia Corp.) reported on 
years of experience in making annual inter- 
comparisons of reference standards for several of 
the electrical units, principally of EMF and re- 





The National Bureau of Standards must 
provide National leadership in the develop- 
ment and use of accurate and uniform tech- 
niques of physical measurements in all fields, 
including electronics; and must provide the 
central basis within the United States of a com- 
plete system of physical measurements, coor- 
dinated with measurement systems of other 
nations. We must provide essential services 
leading to accurate and uniform measure- 
ments and provide data on the properties of 
matter and materials which are of importance 
in science and technology, and are not else- 
where available. 

The Bureau is not in a position today to fur- 
nish adequate standards in the field of elec- 
tronics and in many other fields. One of the 
major functions of this conference is to point 
out where gaps exist, what is being done, and 
what must be done in the future. The NBS 
staff is trying very hard to keep up with the 
rapidly expanding requirements of scientists 
and engineers in the field of electronics. We 
sometimes become a little discouraged by the 
tremendous job to be done and the rather lim- 
ited resources available to do it. But confer- 
ences such as this should certainly help us all 
in planning how best to approach the prob- 
lems. 

Obviously, this does not mean that the Bu- 
reau must develop all National reference 
standards and standards measurement tech- 
niques itself, but it must be in a position to in- 
sure that such standards and measurement 
techniques exist, are of sufficient accuracy for 
the needs and potential needs of this country, 
and are available to all potential users in the 
Vation’s scientific and technologic community. 

A basic requirement for useful standards 
is that they must be consistent within the 
whole chain of measurement leading back to 
the international prototype standards repre- 
senting the fundamental units of length, mass, 
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sistance, at Los Alamos Scientific Laboratory, 
White Sands Missile Range, and Sandia Corp. 
Evaluation was made of the limits on accuracy 
imposed by intercomparison equipment, pro- 
cedures, and conditions. 

L. H. Bressan (Sandia Corp.) presented the re- 
sults of a study of long-term stability of standard 
resistors and precision potentiometers, with ac- 
cessory volt boxes and shunts, used in the 
standards program for the AEC Atomic Weapons 
System. He concluded that intervals bet ween cer- 
tifications could be extended from 1 to 2 years, 
provided that certification was supplemented with 












and time. A specific laboratory may at times 
develop instruments able to provide precisions | 
greater than can be furnished by the central 
standardizing laboratories, but they do not 
have general applicability and consistency un- 
til brought in line with the whole measurement 
complex. 

Today, there is a trend to break away from 
the old prototype standards and to base all 
measurement standards on natural physical 
constants. Eventually, specified atomic con- 
stants may be used as the measurement basis 
for length and time. These constants afford 
obvious advantages such as increased accuracy 
and stability, free availability to all laborator- 
ies, and less dependence on elaborate central- 
ized calibrations based on prototype standards. 

In this country, we depend on close cooper- 
ation between NBS and industry to insure the 
availability of accurate standards. This places 
special responsibilities upon all of us. A 
great many things are already being done to 
increase the effectiveness of this cooperation, 
but much still remains to be accomplished. 

In Russia, however, all standardization is 
under rigid centralized control. Precision 
can be enforced by edict on a central basis and 
is given a great deal of attention with 5 major 
R&D establishments on measurements and in- 
strumentation and about 100 calibration cen- 
ters. In the final analysis, our system can 
have greater strength because it gives free play 
to individual creativity and ingenuity—sources 
of new ideas. Centralizing may ease admin- 
istration and enforcement, but it always tends 
to inhibit creativity. 

We are all faced with a very major problem 
in keeping up with the explosively increasing 
demand for accurate and uniform standards 
and measurement techniques. This requires 
very close cooperation of all interested parties, 
and conferences such as this should be very 
fruitful in helping us meet our mutual 
responsibilities. 
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semiannual cross-checks and rigorous visual in- 
spection, 

L. E. Hacury (Aveo R.A.D.) discussed the de- 
pendence of calibration on procedures. He 
pointed out that successful performance evalua- 
tion of space-age equipment depends largely upon 
a universally accepted calibration ability which, 
in turn, uses procedures as a medium of universal 
communication between laboratories, an aid in 
training, and an outline of necessary equipment 
and environment for a qualified calibration 
facility. 

J. A. Orme (Aerojet-General Corp.) presented 
an integrated operational plan for an industrial 
standards program with a chain of calibrations 


Science is essentially the discovery of nat- 
ural laws and relationships. The functional 
form of these can only be proven by experi- 
ment, and the crucial experiment is often one 
of great delicacy .... 

Up to the present century, science has been 
concerned for the most part with what might 
be called first order effects. With notable ex- 
ceptions, great precision in measurement was 
unnecessary. 

The laws of motion, the laws of gases, the 
Mendelian laws of heredity, the laws of stoi- 
chometric ratio which established the exist- 
ence of the atom and converted alchemy to 
chemistry, the laws of electricity and magnet- 
ism, were all established by experiments of 
only moderate precision. 

In fact, it is probably fortunate that many 
earlier experiments were not more precise— 
for then a host of second order effects would 
have obscured the picture and slowed down 
the rapid advances made by early investiga- 
tors. The basic laws might have been held in 
doubt much longer. 

Today the picture is very different: when 
precise measurements uncover a slight dis- 
crepancy in some experiment we seize on the 
discrepancy as evidence of some hitherto un- 
expected weak coupling or unknown pertur- 
bation which might lead the way to greater 
knowledge. Indeed, much of the progress of 
science in the last decades has been due to the 
relentless tracking down and explaining of 
slight discrepancies revealeil by precise meas- 
urements .... 

Only 43 seconds of arc per century—an al- 
most negligible but definitely present effect— 
was totally unexplained by Newtonian me- 
chanics. 

It was the ant at science’s picnic! 

Einstein’s general theory of relativity 
showed Newton’s law of gravitation to be only 
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extending from workbench instruments to n 
tional reference standards. Realistic selection of 
equipment, adequate proveout, and installation 
provisions were emphasized. 

M. C. Setsy (NBS-Boulder) discussed two 
proposed programs for national and internation! 
standardization of electronic quantities. Proc 
uct of more than 2 years of preliminary work, 
these programs are concerned with electron 
quantities at all frequencies. They deal with 
ranges of magnitude, respective accuracies, needs, 
available values, and calibration echelons. Ma- 
jor objectives and anticipated benefits from their 
probable inauguration in the near future were 
outlined. 


a first order approximation and predicted that 
Mercury’s orbit should indeed precess by 42.9 
seconds of an arc per century. Today, even 
with the Mossbauer effect, this remains the 
only evidence in support of the complete gen- 
eral theory ... . In spite of all temptation 
over the years, nobody fudged the data; no- 
body stepped on the ant... . 

There often arises in engineering a situa- 
tion where better performances in one part of 
a system can actually worsen the overall re- 
sult . . . an example is a radar which may 
contain in addition to random noise certain 
systematic errors . . . By reducing disper- 
sion due to noise to much less than the syste- 
matic errors, the performance becomes very 
bad. 

It is really this matter of balance between 
random and systematic error that is one clue 
to whether precision is being used or abused 
for instrumental error tends to be systematic. 

Now one often hears the argument: What's 
the harm? Maybe we didn’t gain anything— 
but at least we didn’t lose anything with the 
more accurate instrument... . I think 
that the answer is that a great deal is often lost 
with overprecise instrumentation—it is far 
more costly, often resulting in a waste of 
money—and, secondly, more accurate instru- 
mentation is in general more complex. Com- 
plexity, in turn, implies unreliability ... . 

Let us keep on making more and better high 
precision instrumentation, but let us use it 
where its accuracy is truly needed. Let’s not 
use our cannon to kill moths, or—as Mr. 
McNish puts it—‘‘use micrometers to measure 
two by fours.” 

I suggest that our progress will be surer 
and more rapid if we use good judgment; 
make measurements only to accuracy really 
required, and use the simplest, most rugged 
instruments to do it. 
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Part II, moderated by L. B. Witson (Sperry 
Gyroscope Co.), dealt with Calibration Labora- 
tury Policies, Organization and O peration. 

C. E. Wuire (Aveo R.A.D.) stressed the im- 
portance of enlightened management. He de- 
scribed it as either contributing to or weakening 
a standards operation in proportion to the educa- 
tion it receives in standards. At the same time, 
siandards must earn and retain prestige within 
the industrial establishment. 

A. S. Moorr (General Electric Co.-Syracuse, 
N.Y.) described the quality control electronic test 
equipment calibration program at General Elec- 
tric Heavy Military Electronic Department, 
Syracuse, N.Y. This equipment is used in test- 
ing and measuring the performance of research, 
development, and production types of equipment. 
Facilities include three calibration laboratories, 
strategically located to provide services to each 
of three major plants with a minimum of lost 
time. 

H. Liv Co.-Utica, N.Y.) 


(General Electric 


outlined the calibration system in operation in 
the Light Military Electronics Department of his 
company. Through automatic data processing, 
the quality, reliability, and efficiency of calibra- 
tion and maintenance work are constantly meas- 
ured and corrective action taken immediately. 
An analysis and control group handles establish- 
ment of calibration frequency, discarding inferior 
equipment and adjusting facilities and techniques. 

A. J. Wooptrneron (Convair Astronautics) 
pointed up a problem in the use of standards lab- 
oratories by industry: the requirement of a high 
degree of reliability and accuracy in terms of both 
people and equipment in military and industrial 
systems of the future. The shortage of qualified 
people might be overcome, he suggested, by 
having the standards laboratory use its person- 
nel to provide technical assistance and on-the-job 
training for members of other engineering groups. 
The amount and cost of equipment can be kept to 
a minimum by assigning responsibility for stand- 
ardization and use to the standards laboratory 
itself. 


Session II: Frequency and Time Standards 


Rocer A. Sykes (Bell Telephone Laboratories 
North Andover, Mass.) presided over the 
second session which was introduced by a status 
report on frequency and time signals presented 
by F. G. Merrinn (Bell Telephone Laboratories 
Murray Hill, N.J.). This report outlined the 
differences and difficulties encountered in main- 
taining frequency standards by atomic beam de- 
vices, alkali vapor frequency standards, crystal 
oscillators of special design and with transistor 
circuitry, and synchronization of time and fre- 
quency over great distances. 

R. C. Mocxier (NBS-Boulder), Chief of the 
Atomic Frequency and Time Standards Section 
of the Radio Standards Division, presented a 
paper, written in collaboration with R. BreHLEeR 
and L. Fry, on atomic beam devices, particularly 
the two NBS cesium frequency standards. Vari- 
ous uncertainties in frequency measurements were 
discussed, including the effect of the uniform r 
field. the effect of a phase difference between the 
two oscillating fields that excite the atomic transi- 
tion, and the effect of exciting an atomic transition 
with signals that are not monochromatic. Tests 
for determining the uncertainties in frequency 
measurements in cesium beam devices, and the 
results of such tests, were also given. 

R. J. Carpenter, E. C. Beary, P. L. Benper, 
S. Sarro. and R. O. Stone (NBS-Washington ) 
offered the results of work on a prototype ru- 
bidium vapor frequency standard undertaken in 
cooperation with the Radio Techniques Branch 
of the Naval Research Laboratory and currently 
supported by the National Aeronautics and Space 
Administration. Research on an alkali vapor 
frequency standard during the past 2 years has 
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been carried on with the aim of developing such 
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a standard for possible use in a satellite-borne 
measurement of the gravitational frequency shift 
predicted in Einstein's General Law of Relativity. 
Relative frequencies of several rubidium vapor 
absorption cells have been shown to remain stable 
for 1 part in 10" or better for a period of one 
month. 

T. C. Anperson and F. G. Merrine (Bell Tele- 
phone Laboratories-Murray Hill, N.J.) reported 
on solutions of frequency-stability problems in 2.5- 
and 5-Me quartz oscillators using the modified 
Pierce-oscillator circuit, employing the new AT- 
cut contoured crystal unit. Thoroughly analyzed, 
and tested under rigorous conditions, this circuit 
has gained widespread use since its introduction 
about 7 years ago. However, the deceptive sim- 
plicity of the circuit hides numerous problems 
encountered in designing a suitable production 
unit. A balanced design to achieve fractional 
part-per-billion frequency stability, using precise 
commercial components, must take into account 
all reactance variations, crystal-current stability, 
tube and component aging margins, and rugged 
environmental conditions to achieve this result 
at high frequencies. 

W. L. Suiru (Bell Telephone Laboratories- 
Whippany, N.J.) presented the results of work 
on crystal-controlled transistor oscillator circuits 
employing precision AT-cut quartz resonators. 
These transistor oscillators provide short-term 
frequency stability comparable to vacuum-tube 
frequency-standard oscillators and are consider- 
ably reduced in size and power drain. Different 
types, suitable for fixed-station applications, 
capable of operating in widely varying ambient 
conditions, and others designed for very low 
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power drain and capable of withstanding the ex- 
treme mechanical environments of missiles and 
satellite-borne applications, were discussed. Per- 
formance tests were shown for operation during 
quiet conditions and during vibration, shock, and 
static acceleration. 

J. A. Barnes and R. C. Mockier (NBS-Boul- 
der) described the as spectral Pie func- 
tions of crystal oscillators and multiplier chains. 
The frequency of an ammonia maser stabilized 
chain was demonstrated to be relatively fixed. 
An analysis was made which related the instan- 
taneous frequency fluctuations of a signal with 
the power spectral density function. Experi- 
mental observations in agreement with this result 
were discussed. If signals having a complex 
power spectrum are used in precise measurements, 
it was pointed out, errors may result. 

R. R. Srone, Jr. (Naval Research Laboratory- 
Washington, D.C.), W. Markowrrz, and R. G. 
Hatt (U.S. Naval Observatory) described the 
various kinds of time as determined by the Naval 
Observatory and a system of atomic time known 
as A.l. Absolute frequency is based on ephem- 
eris time, ET; the observed and adopted value 
for the specified cesium line (A.1) being 


9,192,631,770 cps. The stations in the United 
States and the United Kingdom which distribute 
“; frequency and time standards were described. 
A detailed story was presented on the Navy’s 
VLF station, NBA services broadcast, and some 
techniques of their use. 

The night session on Frequency and Time 
Standards, moderated by Roger A. Sykes, had 
no formal papers but discussion covered the 
following topics: 

What is the maximum stability and spectral 
purity now available from laboratory-type oscil- 
lators—(a) quartz, (6) maser, (¢) beam, and (d 
gas cell? What are the problems with such oscil- 
lators and resonators in a standards and meas- 
urement laboratory? Are there outstandingly 
preferred methods for the precision measurement 
of (a) frequency, (6) time interval? What are 
the problems in reception and use of standard 
frequency transmissions and time signals (a) on 
earth, (6) with _s to missiles and satellites? 
Are there needs in technology and science for 
improved standards and measurements for fre- 
quency and time? Should we discontinue refer- 
ring to frequency bands by adjectives such as 
VHF, SHF, ete., and instead use band-numbers? 


Session III: Methods of Measurements for Materials 


The session on Methods of Measurements for 
Materials was under the chairmanship of JoHn 
L. Date, Chief of the Radio and Microwave 
Materials Section (NBS-Boulder). Mr. Dalke 
opened the session with remarks on the increasing 
need for information and techniques on measure- 
ment of materials at radio and microwave fre- 
quencies. Dielectric, semiconductor, and mag- 
netic materials are finding wide applications in 
science and technology. 

P. N. Woire (Westinghouse Research Labora- 
tories) described a new technique for analyzing 
experimental data on the behavior of devices 
employing low-dissipation-factor _ ferroelectric 
ceramics as nonlinear dielectrics. By observing 
certain experimental precautions, as in preparing 
standard samples, and following specific methods, 
a method of numerically specifying the relation 
between electric displacement and field is made 
practicable. The method, in turn, allows the 
reduction of experimental data to three param- 
eters, descriptive of the nonlinear material be- 
havior over a large electrical operating range. 

FE. J. Tiscner (Ohio State Univ.) discussed the 
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basic measurement of three characteristics of 
plasma in the test section of a waveguide in a 
microwave circuit. Electron density, plasma fre- 
quency, and collision frequency can be determined 
by measuring the phase shift and attenuation in- 
troduced in the presence of the plasma, and rig- 
orous equations can be derived for evaluating the 
measured values of these parameters. 

H. E. Bussey (NBS-Boulder) reported the re- 
sults of experiments measuring microwave skin 
depth conductivity, surface impedance, and @. 
It appears that the metal walls of a cavity resona- 
tor become standards of skin depth when the in- 
ternal Y is determined if the walls are uniform 
and if contact loss is eliminated as in the circular 
TE,,, mode. By replacing an end plate stand- 
ardized in this way with another flat piece of 
material, it is easy to determine the unknown’s 
skin depth. As to Q, a copper cavity in use dis- 
plays 94 percent of theoretical QY, reaching 97 
percent when deoxidized. It is believed that sur- 
face roughness and mode conversion account for 
the remaining error in Q. 

J. R. Serrerr and G. L. Atterron (Western 
Electric Co.-Allentown, Pa.) developed a new ap- 
proach to the measurement of volume resistivity 
of semiconductor material at X-band frequencies. 
This measurement is usually made by sending a 
direct current through a sample of the material 
and measuring the voltage drop across two points 





A radiofrequency permittimeter is shown with standard 
ring, shorting ring, and rings of materials to be measured. 
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on the surface of the material. The proposed 
advance consists of conducting this measurement 
with a high frequency test signal and using test 
semples to load the transmission system to deter- 
mine the resistivity of limited areas and depths 
of material. 

R. C. Powerit and A. L. Rasmussen (NBS- 
[.oulder) reported on a radiofrequency permit- 
timeter, a new instrument, that shows complex 
conductivities differing considerably from those 
previously observed by other methods for ferrites 
and strong electrolytic solutions. The design 
embodies a coaxial radiofrequency impedance 
transformer in which the secondary is a single 
turn of the material to be measured. This instru- 
ment is used with two terminal impedance bridges 
to determine the complex permittivity or complex 
conductivity of low-impedance materials. As no 
electrodes are needed, many conductors, semicon- 
ductors, electrolytes,and high permittivity materi- 
als can be evaluated to about 1 percent. Errors 
due to electrode impedance and interaction, as 
well as first order series inductance, are eliminated. 

T. Konane (Raytheon Co.) presented a cavity 
perturbation method for measuring the resistivity 
at microwave frequencies of small ' spheri ical poly- 
crystalline samples. The sample is placed in the 
cavity at a region of maximum magnetic fields. 
The eddy current losses induced in the sample can 
be measured to determine the sample resistivity. 
No assumption is made regarding the depth of 
penetration of fields, as the influence of skin effect 
is accounted for. Measurements were made both 
above and below room temperatures. 

J. F. Ottom and W. H. von Avutock (Bell Tele- 
phone Laboratories-Whippany, N.J.) discussed 
specialized techniques for measuring microwave 
ferrites at high signal levels. The instrumenta- 
tion included suitable waveguide configurations 
and equipment for measurements at peak power 
levels up to several hundred kilowatts. The ad- 
vantages and limitations of small and large ferrite 

samples were stated. Experimental results were 
given concerning the determination of the critical 
internal RF magnet field (A.+i+) at which the loss 
characteristics of the ferrite become nonlinear; 


Session IV: 
Mitton Macip (F XR, Inc.) was chairman of 


the fourth session, Microwave Standards and 
Calibrations. 

T. Muxarnatra, M. F. Borrser, and H. J. 
Tonpreau (Hughes Aircraft Co.-Culver City, 
Calif.) described a rapid broad-band directivity- 
measuring technique applicable to waveguide or 
coaxial couplers with directivities from 10 to more 
than 60 db. The method minimizes measuring 
time, is simple in operation, and has high accuracy. 





bi 









Vibrating sample magnetometer developed at the Bureau. 
Assembly at left contains field magnets on opposite sides 


of the vibrating rod system (shaft, center). The vibrat- 
ing sample is between the pole pieces of the magnets. 
Controls and measuring instruments are at right. 





measurement of the loss characteristic as a func- 
tion of the biasing d-c magnetic field at a given 
RF signal level; observation of deterioration of 
the transmitted pulse; and measurement of high 
power effects as a function of material composi- 
tion sample and shape and size. 

N. V. Freperick (NBS-Boulder) presented an 
advance in aiaaels: measurement technique: a 
vibrating sample magnetometer that makes any 
modification of the magnet employed unnecessary 
and provides a_ self- “calibrating system. The 
sample is mounted at the end of a glass rod which 
is mounted in the plane of the magnet gap. The 
rod is vibrated in its gravest flexural mode. The 
vibration frequency and amplitude are controlled 
by feedback circuitry. The sample is vibrated 
parallel to the magnetic field and normal to the 
plane of the pic kup coils which are mounted upon 
the magnet pole pieces. The voltage induced in 
the pic kup coils is measured by a feedback ampli- 
fier voltmeter which allows an absolute accuracy 
of 1 percent or better. 


Microwave Standards and Calibrations 


A direct readout presentation of the directivity 
function was offered and system analysis pre- 
sented. Advanced techniques for automatic plot- 
ting of directivity versus frequency 
discussed. 

G. F. Encen (NBS-Boulder) presented an im- 
proved transfer instrument for the intercompari- 
son of microwave power meters. This device 
eliminates the need to consider microwave imped- 
ance in such measurements. Until now, in the 


were also 









A four-arm junction which, when properly adjusted, 
makes possible the intercomparison or calibration of mi- 
crowave power meters with little or no regard for their 
impedance characteristics. 
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intercomparison of two microwave power stand- 
ards, or the calibration of a microwave power 
meter by means of a second or “standard” power 
meter, measurement of microwave impedance has 
played a major role. By an extension of the re- 
flectometer concept, a four-arm junction has been 
devised which, when properly adjusted, allows 
intercomparison or calibration of power meters 
with little or no regard for their impedance char- 
acteristics. Of particular value in coaxial systems, 
the method has been found to be substantially in- 
dependent of the impedance discontinuity which 
may be present at the input flange or connector. 

A. J. Estrin, C. L. Tremparn, and J. S. Wes 
(NBS-Boulder) offered a system for precision 
measurements of temperatures of microwave noise 
sources. In recent years, the requirement for 
noise-figure measurements of low noise devices has 
led to a need for more precise knowledge of tem- 
peratures of noise sources. The system can meas- 
ure the absolute noise temperatures of a gas 
discharge tube in WR-90 waveguide to within 
0.01 db. The comparison circuit consists of a 
modified Dicke radiometer. The standard noise 
source is a blackbody radiator at 1,000 °C. A 
low-loss high-temperature waveguide was devel- 
oped to connect the source to the system. The 
results of measurement of equivalent noise tem- 
peratures of a set of 12 nonproduction argon dis- 
charge tubes, built to exacting standards of purity 
and precision, were presented. 

R. D. Wencenrotru (Wheeler Laboratories) 
discussed the use of a waveguide spark gap as a 
standard for microwave high voltages not. easily 
determined by other means. Application is sim- 
ilar to that of the sphere gap employed at d-c and 
rT frequencies but the waveguide spark gap 

can be between hemicylinders, cylinders, hemi- 
spheres, spheres, or posts in a rectangular wave- 
guide section. The breakdown voltage is com- 
puted to be only a fraction of that required for 
the uniform waveguide. The method has been 
shown to be of value as a reference standard in 
pulsed-power tests of microwave components. 

G. KE. Scuarer (NBS-Boulder) reported a 
technique for comparing phases of two micro- 
wave signals employing amplitude modulation in 
one channel of a two-channel system. This 
modulated subcarrier technique produces a null 


Mechanical modulator system, consisting of motor-driven 
rotary-vane attenuators, is a basic portion of the radi- 
ometer circuit used in temperature measurements of mi- 
crowave noise sources. 





Equipment used in comparing phases of two microwave 
signals employs amplitude modulation in one channel of 
a two-channel system. 


response in a two-channel system for all ratios of 
the amplitudes of the waves traversing the sepa- 
rate channels, and maintains high precision for all 
ratios of amplitudes. If readily available com- 
ponents are used, phase can be measured to one- 
tenth of a degree for a change of attenuation of 
50 db of the component under test. 

R. W. Bearry, G. F. Encen, and W. J. Anson 
(NBS-Boulder) offered an additional use for 
microwave reflectometers in precise measure- 
ment of reflections and losses in waveguide joints 
and connectors. The reflection and loss of a wave- 
guide joint are determined as to quantity by its 
VSWR and efficiency, respectively. Depending 
upon the stability and gain of a reflectometer with 
auxiliary tuners and an adjustable sliding termi- 
nation, measurements of VSWR’s of 1.001 and 
lower, and of efficiencies of 99.99 percent and 
higher can be obtained. The attenuations of short 
lengths of waveguide can be determined at the 
same time that efficienc y is being measured. 


Session V: Direct-Current and Low-Frequency Standards and Calibrations 


W. G. Amey (Leeds & Northrup Co.-Philadel- 
phia, Pa.) presided over the session on Direct- 
Current and Low Frequency Standards and Cali- 
brations. 

In fe session, R. P. Baker (Sandia Corp.) 
and J. Nacy, Jr. (Daystrom, Inc.) challenged the 
use of conventional stand: ard cells as references. 
They offered precise electrical measurements by 
use of zener diodes; these diodes have been in- 
vestigated for use as standards in a militarized 
test set capable of operating many months with- 
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out recalibration. Criteria for test methods and 
selection of diodes were established with respect 
to temperature coefficient, noise, and long-term 
stability. Improvements in these chracteristics 
by matching and pairing and selection of operat- 
ing conditions were considered. Using a second 
zener reference in the test set provides a reference 
current for standardization of an a-c—d-c transfer 
device and provides a self-checking circuit which 
greatly increases reliability. 

B. L. Dunree (NBS-Washington) presented 
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the results of the first phase of a program, 
rompted by recent demands of science and tech- 
ology, aimed at the accurate measurement of 
itio and phase angle of current transformers at 
requencies up to 10 ke/s. The discussion dealt 
ith a 5/5-amp standard transformer having very 
nall corrections, designed to operate up to 100 
percent overload from 60 c/s to 10 ke/s, and a ver- 
sutile test method capable of measuring ratio and 
phase angle to better than 5 ppm and 5 micro- 
radians. The direction of further steps in the 
proposed program was briefly outlined. 

M. Morcan and J. Ritey (Electro Measure- 
ments, Inc.) discussed techniques for calibrating 

. Kelvin- Varley standard divider by comparing 
it decade by decade with a 10-step standard 
divider. The standard divider, in turn, can be 
calibrated by precise measurement of its resistors 
and calculation of its linearity. The procedure 
for measuring each decade and the method of 
combining the contributions of all the decades to 
find the linearity deviation of a given setting were 
explained as a mathematical derivation. Ex- 
pected accuracy, and contributions of resistor ac- 
curacy, resistor and contact stability, lead 
resistance, temperature variations, analytical 
simplification, and power dissipation were also 
discussed. 

R. D. Curkosky and J. Q. Sutetps (NBS- 
Washington) presented a procedure believed to be 
accurate to 1 part in 10° for measuring the voltage 
ratio between the two secondary windings of a 
three-winding transformer. Explicit formulas 
were developed which correct for the finite lead 
impedances and load admittances associated with 
the measuring system and-yield a value for the 
open-circuit transformer ratio. Application of 
this procedure to the pel of transformers 


- —~ ee 


as 


with 10-to-1 ratios, and detailed calculations for 
measurements performed on a given transformer 
were presented. 

D. L. Hititnovse and H. W. Kuirne (General 
Electric Co.-Schenectady, N.Y.) described a ratio 
transformer bridge for comparing inductors and 
‘apacitors with NBS certified standards to well 
within certified values. Comparison precisions of 
a few thousandths of 1 percent for 1 mh to 10 h,a 
few hundredths of 1 percent for 100 yh, about 
0.001 percent for 0.01 to 10 uf, and better than 
0.01 percent for 10 to 1,000 pf are obtained at 
1,000 c/s. The effective series resistance of 
inductors is obtained within a few tenths of 1 per- 
cent. Factors affecting accuracy—the effects of 
stray and lead capacitances, inductances, and re- 
sistances—were analyzed and results presented. 
Integral construction allows two- or three- 
terminal me: spare ye 

J. H. Park and H. N. Cones (NBS-Washing- 
ton) discussed a ae oe variable 0- 180° 
phase shift standard for 400 c/s. This apparatus 
consists of a z-section line made up of twelve 14.6° 
and three 4.3° sections to provide for two sizes of 
coarse steps, and an RC circuit at the input to the 
line to provide for fine steps and continuous fine 
control. A method was devised for accurate ad- 
justment of the characteristic impedance of all 
m-sections to the same value which is used as the 
termination. Under these conditions, the phase 
shift introduced by each z-section can be accurately 
computed from a measured value of inductance. 
As a cross-check, the phase shift of each -section 
was determined by an experimental procedure de- 
pending on a 180° phase shift introduced by a 
toroidal transformer. The values obtained by the 
two independent methods agree to within 0.01°. 


Session VI: High Frequency Standards and Calibrations 


R. A. Soperman (General Radio Co.) presided 
over the sixth session, which began with a paper 
by D. Woops (Ministry of Aviation, London, 
England). Mr. Woods pointed out that to bring 
about an overall improvement in the accuracy of 
measuring electrical quantities at radiofrequency, 
a means first must be devised for more accurately 
measuring admittance. A precision dual-admit- 
iance bridge and associated standards were there- 
fore designed for the HF and VHF bands. The 
bridge and a universal coaxial connector system 
compatible with the increased accuracy and suit- 
able for all frequencies at which coaxial systems 
ire normally used were described. Good match- 
ing techniques were discussed in relation to the 
design and utilization of extremely wide-band 
— rican a A 

M. Auirep and C. C. Cook (NBS-Boulder) 
lise ‘ussed a new prec ision attenuation-calibr: ating 
system having greatly increased sensitivity, sta- 
bility, and measurement range. The increases in 
stability and sensitivity are “achieved by the use 
of a highly accurate piston attenuator and pre- 
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cision phase shifter combined into a null system. 
Extended attenuation measurement range is the 
result of a new mode-launching system ‘which is 
excited by a constant current source of very high 
magnitude. The padding needed for correct im- 
pedance matching is minimized by using a special 
noninteractive combining net work, 

EK. Urea and W. F. Wutre (Ballantine Labora- 
tories) discussed how the high: frequency voltage 
standards developed by NBS as transfer devices 
between NBS standards and working instruments 

can be applied to such industrial problems as the 

calibration of electronic voltmeters. The stand- 
ards consist of AT-voltmeters, thermal voltage 
converters, and micropotentiometers. Techniques 
of application were discussed with particular at- 
tention to sources of error, including human er- 
ror, loading effects, voltage drop in connecting 
leads, stray ‘field pickup, effect of ground c urrents 
of signal and power frequencies, transmission-line 
effects, response and waveform errors. 

P. A. Hupson (NBS-Boulder) deseribed a fast- 
reading, precision RF power transfer standard for 
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fixed frequencies in the range of 10 to 1,000 Mc/s, 
and a series of small portable wattmeters employ- 
ing vacuum thermoelements. The standard con- 
sists of three directional couplers to cover the 
frequency range, and a series of vacuum thermo- 
electric detectors matched to 50 ohms at each fre- 
quency of interest. The dynamic range is 1 to 
1,000 w with a resolution of 0.1 to 0.01 percent 
and with a stability of 0.1 percent/yr. The 
thermoelements are connected to the secondary 
line of the appropriate coupler and provide a d-c 
output voltage which is calibrated in terms of RF 
power in the coupler main line. 

S. J. Rarr and G. U. Sorcer (Weinschel Engi- 
neering) discussed the origin of systematic error 
in measuring radiofrequenc: y power by d-c or 
audiofrequency substitution, using balanced- 
bridge methods. This error source was ascribed 
to the very small variation of the bolometer re- 
sistance over the audiofrequency cycle. For a 
barretter in a typical bridge circuit, using a 10- 
ke/s audiofrequency, this error was shown to be 
about 5 percent. For thermistors, the error is 
generally smaller but cannot be calculated exactly 
because of the complex thermal behavior of the 
thermistor. Data were presented from which the 


magnitude and direction of error can be calc: 
lated as function of the bridge circuit parameter, 
the audiofrequency, and the bolometer time con- 
stant, whenever the latter is unique. 

E. E. Astan (FXR, Inc.) described a micro- 
wave microwatt power meter which permits fu 
scale measurements from 0.01 to 3 mw in six 
ranges over the frequency range 0.01 to 40 Ge/s, 
This power meter substitutes audio power for 


radiofrequency power. It utilizes a_ special 
thermistor mount containing two identical 


thermistor elements, one element positioned inside 
the radiofrequency field and the other element 
outside the radiofrequency field, but in close prox- 
imity to the other. The temperature compensa- 
tion reduces the effect of temperature change to 1 
percent of what it would be without — 
tion. The instrument is accurate to +1 percent a 
full scale on each range, exclusive of the tenis. 
tor mount. The calibration factor of a typical 
X-band mount is 0.98 +1 percent. Absolute 
power measurements can be made to a minimuin 
accuracy of +2 percent when using a calibrated 
mount. Once calibrated, the power meter may 
be switched from range to range without 
recalibration. 








Certification of Standards Laboratories 


As a result of the greatly increased importance 
of precision measurement in both military and 
civilian technology, there has been a phenomenal 
growth in the number and size of standards labora- 
tories.!. Those who use the calibration services of 
these laboratories, and many of the laboratories 
themselves, are raising the question with increas- 
ing frequency as to whether the National Bureau 
of Standards certifies or otherwise “approves” 
other standards laboratories. 

The answer to the question is that the Bureau 
does not rate, endorse, or place a seal of approval 
on any other laboratory. The Organic Act which 
defines the functions and activities of the Bureau 
does not give it any authority either directly or 
by implic ation to pass upon the qualifications of 
others who render standardization services. The 
a Act was wisely framed in this regard be- 

‘ause the Bureau can best exercise its responsi- 
hy for providing standards of measurement for 
the Nation when it acts in the capacity of a scien- 
tific agency rather than as a regulatory agency. 
Competence in precision measurement that the 
Bureau wishes to cultivate on the part of other 
standards laboratories can ‘best be achieved 
through cooperation rather than by compulsion 
through the enforcement of minimum require- 
ments. 

The Bureau does strive, therefore, by all means 
at its disposal to promote the competence and 
effectiveness of other laboratories.2. In addition 
to calibrating and certifying standards, the Bu- 
reau often provides information which may be 
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helpful in the design and planning of new labora- 
tories, the selection of equipment, and the develop- 
ment of procedures, and is concerned daily with 
numerous specific problems of measurement 
brought to it by other laboratories. 

It is recognized by all that a laboratory which 
offers standardization services to the Government 
or the public is accepting an important responsi- 
bility and, hence, should meet high standards for 
the professional competence of its staff, the ade- 
quacy of its facilities and equipment, and the 
reliability and accuracy of its work. 

Training, experience, publications, participa- 
tion in technical society activities, recommenda- 
tions from other users of the laboratory’s services, 
etc., are of assistance in judging the competence of 
the professional staff. The adequacy of the facil- 
ities and equipment may be judged in part by the 
available certificates or reports of calibration for 
their reference standards. In addition, the per- 
formance of a laboratory can be checked against 
that of other laboratories working in the same 
measurement areas by means of roundrobin or 
other interlaboratory test arrangements. 

In short, the selection of a laboratory for cali- 
bration services can best be made in much the 
same manner as the selection of a firm to render 
other professional services. 


‘Standards and ¢alibration activities in rapid 
growth, NBS Tech. News Bull. 43, 221 (1959). 

* Assistance to other standards laboratories, 
Tech. News Bull. 43, 21 (1959). 
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Electronic rapid scanning device, contained in a 
trailer on Table Mesa beside the Yagi antenna (see 
cover), swings a 5.8° beam in azimuth through the 
42° sector 20 times a second. An oscilloscope is 
synchronized to the incoming signal and permits 
direct viewing and photographing. The device is 
unique in that it operates by purely electronic con- 
trol of phasing and involves no mechanical appa- 
ratus such as that used for the sweep of radar 
antennas. 


High-Resolution 


Scanning Antenna 


An antenna developed by the Bureau promises 
to provide science with a new tool for experi- 
mental studies of the ionosphere. Without bene- 
fit of electric or mechanical moving parts, it scans 
a 42°azimuthal are and can determine immediately 
the direction of radio signals received from a 
forward-scatter transmission. 

In this type of VHF radio propagation, radio 
energy is scattered from cloudlike concentrations 
of electrons in the lower ionosphere and may ar- 
rive at the receiver site from any number of di- 
rections. The new development can pinpoint in- 
stantly the direction from which the scattered 
signal arrives and could prove invaluable in trac- 
ing “best paths” for forward-scatter communica- 
tion. It can be adapted for use in the observation 
of a number of other ionospheric phenomena. 

At Table Mesa, a field station of the NBS 
Boulder Laboratories, H. V. Cottony and Alvin 
C. Wilson, of the Antenna Research Section, have 
erected a row of seven 5-element Yagi antennas, 
directed along the Great Circle Path to the NBS 
Long Branch field station transmitter in Havana, 
[11.—800 miles from Boulder. The number of 
elements in the array is now being increased to 
25 to permit a beam width of only 1.5 

Radio signals beamed from the Havana station 
at a frequency of 41 Mc into the ionosphere are re- 
ceived at Table Mesa, but, heretofore, the direc- 
tion from which the signal was reflected by the 
electron “clouds” has remained unknown. 

The electronic rapid scanning device, developed 
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for use with the moderately directive Yagi an- 
tennas, swings a 5.8° beam in azimuth through 
the 42° sector 20 times a second. An oscilloscope 
synchronized to the incoming signal permits direct 
viewing or photographing. The device is novel 
in that it operates by purely electronic control of 
phasing and involves no mechanical apparatus 
such as that used for the sweep of radar antennas. 

The ionospheric forward-scatter mode of radio 
propagation has distinct advantages in that it is 
resistant to the polar blackouts which so often 
cause complete fading in other modes of short- 
wave propagation. Up to the present there has 
been no method for determining the path of the 
received signal, but now the direction of arrival 
of an ionospheric scatter signal can be seen—and 
followed as the signal path shifts. 

Besides providing a method for study of long 
distance ionospheric forward-scatter communica- 
tion phenomena, the antenna will be a valuable 
tool for other experimental studies. Bearings of 
ionized meteor trails may be obtained instantly. 
The principle is applicable to a design of an an- 
tenna array for riometers (devices that listen to 
extraterrestrial, or cosmic, noise which partially 
penetrates the ionosphere). It could be used as 
au small-space, multidirection antenna for receiv- 
ing and for transmitting. 
It is considered to have a number of possible uses 
in many of the research programs now probing 
toward outer space, 


with design changes 
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One of two mobile electronic laboratories developed by the Bureau’s Central Radio Propa- 
gation Laboratories for conducting radio propagation studies in isolated areas. Such 
experiments frequently must be conducted away from manmade interference, near a 
particular existing installation, or over unique terrain conditions. Equipment in the 
trailers is designed to study time variations in refractivity at one or more points along 
a radio propagation path and the corresponding variations in the phase of arrival of a 
microwave signal transmitted over the path. Initially developed for a study at Cape 
Canaveral, the 35-ft trailers contain—in addition to their electronic instrumentation— 
office, sleeping, and kitchen facilities for two men. 


Announcing the Third National Symposium on 


le Eleetronie Laboratory 





Temperature—Its Measurement and Control in Science and Industry 


A NATIONAL symposium on 7'empera- 
ture—Its Measurement and Control in 
Ncience and Industry will be held in Colum- 
bus, Ohio, March 27 to 31, 1961, jointly 
sponsored by the American Institute of 
Physics, the Instrument Society of America, 
and the National Bureau of Standards, with 
other societies and governmental agencies 
cooperating. 

This will be the first conference of this 
breadth and scope since the New York con- 
ference on the same subject in 1939. The 
symposium will be aimed at the funda- 
mentals of temperature measurement to com- 
plement the material in the 1939 volume and 
will provide an authoritative blending of 
papers on the meaning of the temperature 
concept as well as analytical theory, with 
appropriate emphasis on instrumentation 
and the engineering aspects; e.g., thermo- 
couples and radiation pyrometry in full 
range of temperature. Interests from cryo- 


genics to ultra-high plasma temperature will 
also be covered. 

The symposium is being designed to pre- 
sent broad fundamental coverage of the sub- 
ject for scientific and engineering personnel 
who are concerned with temperature prob- 
lems. A reference book based on symposia 
material will be published. 

General chairman of the symposium is 
W. A. Wildhack, Special Assistant to the 
Director of the National Bureau of Stand- 
ards. Dr. Elmer Hutchisson, Director of 
the American Institute of Physics, is vice 
chairman, and Mr. C. L. Roberson, man- 
ager of the Mechanical Research Laboratory 
of the Owens-Corning Fiberglas Corp., is 
secretary. Dr. C. M. Herzfeld, Chief, Heat 
Division of the Bureau, is chairman of the 
Program Committee. 

Those interested in contributing to the 
program should contact Dr. Herzfeld at the 
National Bureau of Standards, Washing- 
ton 25, D.C., as soon as possible for details. 
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a. U.S.-Japanese Intercomparisons of Microwave 
Power Standards 


MOYHE BUREAU has completed four additional 

} intercomparisons of microwave power stand- 
ards with Japan in accordance with the recom- 
mendations of the International Scientific Radio 
Union. These intercomparisons, made by the 
Bureau's Radio Standards Laboratory at Boulder, 
Colo., show much better agreement than an earlier 
one made in December 1957,' and closer agreement 
than an intercomparison made with Britain in 
July 1958. The discrepancy in the earlier 
measurement was attributed to the long time inter- 
val that had elapsed between the measurements 
in Japan and the United States, respectively. 

The Japanese power standards are in the form 
of bolometer (baretter) mounts. The mount sub- 
mitted by Japan in 1957 was compared with a 
similar NBS mount by observing the power 
indicated by each when alternately connected to 
a signal generator of constant output amplitude. 
The NBS mount is calibrated by a refined X-band 
microcalorimeter. 

A second mount, provided by Japan in the fall 
of 1959, showed the following intercomparison 
results : 

Measurement in Japan 


Effective efficiency (by microcal- 0. 6% 
7 ‘ “ . cee Ee 
orimetric techniques) ~-------- 98, 38 | page 

Oo / 
Efficiency (by impedence tech- 
RIGGS) coos oe ee acess 95.2 2% 
(second determination) —~__- 95:5 =2% 
Measurement in United Ntautes 
Effective efficiency (by microcal- 
orimetric techniques) —~-------- 99.1 0.7% 
Efficiency (by impedance tech- 
IES a iiss sintearnaebiaemkiais 98.5 +0.7% 
(second determination) _——__- 98.7 +0.7% 














In April 1960 a third bolometer mount. was pro- 
vided by Japan and compared with the following 
results : 


Measurement in Japan 


al 7 -> { +0. 6! 
Effective efficiency_._..----_____ 98.13) _ 1 a6 
= :- OA 
Efficiency oS ates ee i £9OQ% 
(second determination)_____ 97.1 +2% 


Measurement in United Ntates 


Effective efficiency __- 98.85 +0. 
Efficiency - 98.8 +0. 


(second determination) 98. 7 +(), 


More recently a pair of bolome ‘ter mounts which 
had been prepared by the Bureau's Boulder Labo- 
ratories were sent to Japan for measurement with 
the following result : 


Measurement in United Ntates 


Ktfective efficiency (Mount A)_ 
i ffective efficiency (Mount B)__. 


98.12 +0.2 
98.47 +0.2% 


Measurement in Japan 


be ai th, otk (+0. 6° 
Effective efficiency (Mount A)_-- 98. 344 0. ae 
| ok 

ahi : 3 ‘ eal Tee 
Effective efficiency (Mount B)__- 98. 74) — 0) 20, 
| -o A 
The agreement between the calorimetric deter- 


minations, particularly in the latter intercompari- 
son, is considered exc eption: ally good, and is well 
within the estimated limits of error for the indi- 
vidual measurements. 


‘See Recent international comparisons of micro- 
wave power standards, NBS Tech. News Bull. 43, 
155 (August 1959). 





Preparations are made for the 
intercomparison of Japanese 
and American standards of 
microwave power. 












N ADJU 
nation that reduces reflections to a minimum 
in microwave measurements has been developed 


STABLE 


sliding waveguide termi- 


by the Bureau. Devised by R. W. Beatty of the 
Radio Standards Laboratory at Boulder, Colo., 
the instrument? has a minimum VSWR (voltage 
standing wave ratio) of less than 1.0002, or a re- 
turn loss greater than 80 db. 

The instrument is more stable, and of simpler 
and more durable construction than previous de- 
vices of this type. It provides a wide range of 
reflection coefficients and can easily be scaled to 
different waveguide sizes. Moreover, it is easily 
adjusted because of the independent variation and 
locking of three separate mechanical motions. 

The instrument is being used by the Bureau to 
measure conveniently and accurately the direc- 
tivity of directional couplers. Reflection from 
the adjustable sliding termination is varied in 
magnitude and phase until it cancels the signal 
component—which exists because of finite direc- 
tivity—coupled out of the sidearm of the direc- 
tional coupler. The termination is adjusted until 
the output is maximum, whereupon the signals 
add. This maximum is compared to the sidearm 
output) when the adjustable termination is  re- 
placed by a short circuit. The ratio of the two 
signals is half the directivity ratio of the coupler, 
provided that the system has first been tuned * so 
that the reflection coefficient “looking in” to the 
coupler output waveguide is zero. If this is not 
done, the reflection imteractions would cause de- 
creased accuracy. 

Another useful application of the adjustable 
sliding termination Is in the measurement of the 
reflections from waveguide discontinuities, flanges, 
steps in the height of rectangular waveguide, and 
obstacles in the w aveguide. With this termina- 
tion, no ambiguity needs to be resolved and null- 
ing adjustments are both extremely sensitive and 
easy to make. The procedure is similar to that 
for the directivity measurement except that a 
directional coupler-tuner combination (previously 
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Adjustable 


Waveguide Termination 


Adjustable sliding termination for rectangular waveguide 
developed at the Bureau has two moving parts: a short- 
circuiting plunger which slides inside the waveguide, and 
a rectangular resistance vane attached to a dielectric rod. 
Double exposure shows the plunger and vane positioned 
inside the waveguide. 





adjusted for infinite directivity) is used to indicate 
the total reflection, which consists of the sum of 
the fixed reflection from the discontinuity and the 
phasable reflection from the adjust: able sliding 
termination, 

The auxiliary tuners of a single directional 
coupler reflectometer can conveniently be adjusted 
for infinite directivity and match back with the 
sliding termination. As this technique usually 
shortens the adjustment procedure, it is used in 
the NBS Electronic Calibration Center in cali- 
brating microwave ac standards. 

Additional uses of the adjustible sliding ter- 
mination have been suggested for various measure- 
ment techniques. For example, using this prin- 
ciple, an adjustable VSWR standard ¢ can be con- 
structed and then calibrated along with other 
standards through suitable comparison techniques. 
Errors in a comparison technique are naturally 
minimized if the two compared loads have es- 
sentially the same impedance. 


‘For further technical information see United 
States Patent No. 2,922,963 of Jan. 26, 1960, An 
adjustable sliding waveguide termination. Also see 


An adjustable sliding termination for rectangular 
waveguide, by Robert W. Beatty, TIRE Trans. on 
VWicrowave Theory and Techniques (July 1957). 
*A method for measuring the directivity of di 
rectional couplers, by G. EB. Schafer and R. W 


Beatty, IRE Trans. on Microwave Theory and 
Techniques (Oct. 1958). 
* Microwave reflectometer techniques, by G. F 


Engen and R. W. Beatty, TIRE Trans. on Microwave 
Theory and Techniques (July 1959). 

‘Recently developed microwave impedance stand- 
ards and methods of measurement, by R. W. Beatty 
and D. M. Karns, IRE Trans. on Instr. (Dee. 1958) 
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A Proposed Analog-Digital Differential Analyzer 


. BUREAU has been investigating a pro- 
posed analog-digital differential analyzer’ 
that combines the analog advantages of high 
speed and continuous representation of variables 
with the digital capability for high precision and 
dynamic range. It represents dependent variables 
by two quantities, a digital number representing 
the more significant part, and an analog electrical 
voltage representing the less significant part. 

Developed by H. K. Skramstad of the data 
processing systems laboratory, the proposed 
analyzer appears to be naturally applicable in 
simulating the dynamic problems in missile or 
aircraft design studies. The addition of short 
digital registers and other digital components to 
an analog computer provides the increased pre- 
cision required for solving such problems, while 
retaining the speed of the analog computer. 

The electronic analog computer, although useful 
in solving dynamic problems described by differen- 
tial equations, suffers from limitations of accuracy 
and dynamic range. The digital differential 
analyzer can provide any required degree of ac- 
curacy or dynamic range, but it can be relatively 
slow in operation and subject to possible insta- 
bility of solution resulting from numerical 
representation of the variables and the use of finite 
different caleulus in integration. Using both 
analog and digital techniques in a single analyzer 
makes it possible to combine the advantages of 
each for solving problems rapidly and with the 
desired level of precision. 

So far, an integrator and a multiplier have been 
designed. In general, they consist of one or more 
of the following units: an input digital register, 
a register for accumulating digital results, a 
digital-to-analog converter, a conventional analog 
integrator, a resettable analog integrator, an 
analog summer, and a comparator. These basic 
units can be constructed from electronic digital 
and analog circuits in present common usage. 
Analog-to-digital converters are not required for 
this system. 

The overall analyzer is designed so that the 
time period (At) during which the numbers in 
the digital registers do not change is made as 
small as possible, consistent with component. limi- 
tations, in order to permit the maximum number 
of such periods. The greatest speed and preci- 
sion are realized, of course, with the smallest Af. 
However, At must be long enough not only to per- 
mit full-scale excursions of the various analog 
voltages, but also to fit within the bandwidth 
limitations of the operational amplifiers. Im- 
provement in the characteristics of these units 
will help reduce At. Even with present compo- 
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nents, it is estimated that the precision in solving 
problems can be increased by a factor of 10 to 100 
over conventional analog methods. 

Under the sponsorship of the Bureau of Naval 
Weapons, work has recently begun on the con- 
struction of breadboard models to evaluate the 
system. These circuits will contain two integra- 
tor and two multiplier units, each capable of re- 
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Block diagram of integrator to solve dx/dt=—.x shows 


how the proposed analog-digital system could be used to 
solve a simple differential equation. 


ceiving input voltages from other units. Digital 
registers and digital-to-analog converters will be 
constructed from transistorized digital packages,’ 
and the analog components from commercially 
available wide-band operational amplifiers. 
These units will have 8-bit plus sign input and 
accumulating registers, and an analog reference 
voltage of 10 v. They will operate with a At of 
1 msec or less. 


‘For further technical information, see A com- 
bined analog-digital differential analyzer, by H. K. 
Skramstad, Proc. Eastern Joint Computer Confer- 
ence (1959). 

*Packaged switching circuits, 
Bul. 43, 184 (October 1959). 
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Publications of the National Bureau of Standards 


Periodicals 


Technical News Bulletin, Volume 44, No. 8, August 1960. 
15 cents. Annual subscription: $1.50, 75 cents addi- 
tional for foreign mailing. Available on a 1-, 2-, or 3- 
year subscription basis. 


Basic Radio Propagation Predictions for November 
1960. Three months in advance. CRPL-D192, issued 


August 1960. 15 cents. Annual subscription $1.50, 50 
cents additional for foreign mailing. Available on a 
1-, 2-, or 3-year subscription basis. 
Journal of Research of the National Bureau of Standards 
Section A. Physics and Chemistry. Issued six times 
a year. 
Annual subscription: Domestic, $4; foreign $4.75. 
Section B. Mathematics and Mathematical Physics. 
Issued quarterly. 
Annual subscription: Domestic, $2.25; foreign, $2.75. 
Section C. Engineering and Instrumentation. Issued 
quarterly. 
Annual subscription: Domestic, $2.25; foreign, $2.75. 
Section D. Radio Propagation. Issued six times a year. 
Annual subscription: Domestic, $4; foreign, $4.75. 
Section B. Mathematics and Mathematical Physics, Vol- 
ume 64B, No. 3, July-September 1960. 
Electric polarizability of a short right circular conducting 
cylinder, T. T. Taylor. 
Distribution of quantiles in samples from a_ bivariate 
population. M. M. Siddiqui. 
Split Runge-Kutta method for simultaneous equations, 
J.R. Rice. 
A reduction formula for 
Haynsworth. 
Selected bibliography of statistical literature, 1930 to 
1957: III. Limit theorems, L. S. Deming. 
Section C. Engineering and Instrumentation, 
641C, No. 3, July-September 1960. 
A new method of measuring gage blocks, J. B. Saunders. 
Gage blocks of superior stability: initial developments 
in materials and measurement, M. R. Meyerson, T. R. 
Young, and W. R. Ney. 
Variation of resolving power and type of test pattern, 
F. E. Washer and W. P. Tayman. 
A multiple isolated-input network with common output, 
C. M. Allred and C. C. Cook. 
Phase angle master standard for 400 cycles per second, 
J. H. Park and H. N. Cones. 
Disturbances due to the motion of a cylinder in a two- 
layer liquid system, L. H. Carpenter and G. H. 
Keulegan. 


partitioned matrices, E. V. 


Volume 


Nonperiodicals 


Measurement of neutron flux and spectra for physical 
and biological applications. NBS Handb. 72 (1960), 35 
cents. 

New description of thorium spectra, R. Zalubas. 
Mono. 17 (1960) 65 cents. 


NBS 


Technical Notes 


The following Technical Notes are available from the 
Office of Technical Services, U.S. Department of Com- 
merce, Washington 25, D.C. (Order by PB number). 

Measurements and standards in plasma-physics and 
astrophysics at the National Bureau of Standards. 
NBS Tech. Note 59 (PB161560) (1960) $1.00. 

Proceedings of the 1960 conference on the propagation 


of E.L.F. radio waves. (1960) NBS Tech. Note 6) 
(PB161562). 
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Publications in Other Journals 


Low angle X-ray diffraction of fibrous polyethylene, A. S. 
Posner, L. Mandelkern, C. R. Worthington, and A. F. 
Diorio, J. Appl. Phys. 31, No. 3, 536 (1960). 

The source-function in a non-equilibrium atmosphere. IV. 
Evaluation and application of the net-radiative-bracket, 
R. N. Thomas, Astrophys. J. 131, 429 (1960). 

Mass spectrometry, V. H. Dibeler and R. M. Reese, Anal. 
Chem. 32, No. 5, 211 (1960). 

The melting temperature of natural rubber networks, 
D. E. Roberts and L. Mandelkern, J. Am. Chem. Soc. 82, 
5, 1091 (1960). 

Ionic charges of glass surfaces and other materials, and 
their possible role in the coagulation of blood, D. Hub- 
bard and G. L. Lueas, J. Appl. Physiol. 15, No. 2, 265 
(1960). 

Emission spectra of N2, O., and NO molecules trapped in 
solid matrices, H. P. Broida and M. Peyron, J. Chem. 
Phys. 32, No. 4, 1068 (1960). 

The components of power appearing in the harmonic anal- 
ysis of a stationary process, M. M. Siddiqui, presented 
at Symp. on Statistical Methods in Radio Wave Prop- 
agation, University of California, Los Angeles, June 
18-20, 1958. Reprinted from “Statistical Methods in 
Radio Wave Propagation” (Pergamon Press, New York, 
N.Y., 1960). 

Mechanical and electromechanical properties of indium 
antimonide, R. F. Potter, J. H. Wasilik, and R. B. Flip- 
pen, Chapter 12 of the book “Mechanical Properties of 
Intermetallic Compounds,” p. 265 (John Wiley and 
Sons, Inc., New York, N.Y., 1960). 

Electrometric pH determination, R. G. Bates, Chimia 14, 
111 (1960). 

Measurement of radiation exposure at the walls of medical 
X-ray rooms for determining protective barrier require- 
ments, S. W. Smith and J. R. Brooks, ATOMPRAXIS 6, 
No. 3, 77 (1960). 

Introduction—Can you measure it? L. V. Judson. Am. 
Soc. Tool & Mfgr. Engrs. Tech. Paper 239, Book 1, 60, 1 
(1960). 

Correction for systematic wavelength shifts in atomic 
beam devices, R. L. Barger and K. G. Kessler, J. Opt. 
Soc. Am. 50, No. 4, 352 (1960). 

Theory of the magnetic and spectroscopic properties of 
neptunium hexafluoride, J. C. Eisenstein and M. H. L. 
Pryce, Proc. Roy. Soc. A255, 181 (1960). 

Some fundamentals of modern dimensional metrology, 
I. H. Fullmer, Am. Soc. Tool & Mfgr. Engrs. Tech. Paper 
240, Book 1, 60, 1 (1960). 

High pressure form of analcite and free energy change 
with pressure of analcite reactions, H. S. Yoder, Jr., ang 
C. E. Weir, Am. J. Sci. 258-A, 420 (1960). 

Class of nonlinear dielectric materials, P. H. Fang, R. S. 
Roth, and H. Johnson, J. Am. Ceram. Soc. 43, No. 3, 169 
(1960). 

The error in prediction of F2 maximum usable frequencies 
by world maps based on sunspot number, E. L. Crow and 
D. H. Zacharisen. Section II, Radio Propagation 
Phenomenology, in book “Statistical Methods in Radio 
Wave Propagation” (Pergamon Press, New York, N.Y.) 
p. 248 (1960). 

The use of 2,2,4,4,6,8,8-heptamethylnonane as a_ pri- 
mary diesel fuel, T. W. Mears, R. M. David, and F. L. 
Howard, ASTM Bul. No. 245, p. 75 (1960). 

Sinn und bedeutung der strahlenschutznormen, L. S. 
Taylor, Rontgen-Blatter XIII, Heft 2, 33 (1960). 

Bremsstrahlung linear polarization, J. W. Motz and R. C. 
Placious, Il Nuovo Climento 15, Series X, 571 (1960). 

Geomagnetic disturbance and velocity of slow-drift solar 
radio bursts, M. B. Wood and C. S. Warwick, Nature 184, 
No. 4697, 1471 (1959). 
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NBS Publications (Continued) 


Chemically induced vibrational excitation: hydroxy] radi- 
cal emission in the 1-3 micron region produced by the 
H+0; atomic flame, D. Garvin, H. P. Broida, and H. J. 
Kostkowski, J. Chem. Phys. 32, No. 3, 880 (1960). 

Thermoelectric effects, H. P. R. Frederikse and W. W. 
Scanlon, Chapter 7.6 of the book “Methods of Experi- 
mental Physics,” Vol. VI, p. 114 (Academic Press Inc., 
New York, N.Y., 1959). 

Photographs of the high-altitude nuclear explosion “Teak,” 
W. R. Steiger and S. Matsushita, J. Geophys. Research 
65, No. 2, 545 (1960). 

Appraisal of Land’s work on two-primary color projec- 
tions, D. B. Judd, J. Opt. Soc. Am. 50, No. 3, 254 (1960). 

The outlook for machine translation, F. L. Alt, Proc. West- 
ern Joint Computer Conf., Vol. 17, p. 203, San Fran- 
cisco, Calif., May 1960. 

Further evidence of a solar corpuscular influence on large- 
scale circulation at 300 Mb, N. J. MacDonald and W. 0. 
Roberts, J. Geophys. Research 65, No. 2, 529 (1960). 

Method for measurement of E’/I’ in the reciprocity cali- 
bration of condenser microphones, W. Koidan, J. Acoust. 
Soe. Am. 32, No. 5, 611 (1960). 

Microphone diaphragm null method for sound pressure 
measurements, W. Koidan, J. Acoust. Soc, 32, No. 4. 
505 (1960). 

An evaluation of a cesium beam frequency standard, R. C. 
Mockler, R. E. Beehler, J. A. Barnes, Symp. Quantum 
Electronics-Resonance Phenomena, p. 127 (Columbia 
University Press, New York, N.Y., 1960). 

Nonresonant absorption in symmetric-top gases: Depend- 
ence of relaxation frequency on temperature, A. A. Mary- 
ott, A. Estin, and G. Birnbaum, J. Chem. Phys. 32, No. 
5, 1501 (1960). 

The influence of lowered permissible dose levels on atomic 
energy operations in the United States, L. 8S. Taylor, 
Progr, in Nuclear Energy 1, 10 (1960). 

Optimum antenna height for ionospheric scatter communi- 
eation, R. G. Merril, IRE Trans. on Communs. Systems 
CS-8, 14 (1960). 

Forced mixing in boundary layers, G. B. Schubauer and 
W. G. Spangenberg, J. Fluid Mech. 8, No. 1, 10 (1960). 
Statistical evaluation of interlaboratory cement tests, 
J. R. Crandall and R. L. Blaine, ASTM Proc. 59, 1129 

(1959). 

X-ray attenuation coefficients from 13 to 80 Mev for hydro- 
gen, carbon, water, and aluminum, J. M. Wyckoff and 
H. W. Koch, Phys. Rey. 117, No. 5, 1261 (1960). 

Guiding of electromagnetic waves by uniformly rough sur- 
faces—Part II, J.R. Wait, IRE Trans. Ant. Prop. AP-7, 
$168 (1959). 

Electron impact study of the cyanogen halides, J. T. Her- 
ron and V. H. Dibeler, J. Am. Chem. Soc. 82, 1555 
(1960). 

Measured distributions of the instantaneous envelope am- 
plitude and instantaneous frequency of carriers plus 
thermal and atmospheric noise, A. D. Watt and R. W. 
Plush. In Statistical methods of radio wave propaga- 
tion: Proc. of a symp. University of California, Los 
Angeles, June 18-20, 1958, p. 233 (Pergamon Press, New 
York, N.Y., 1960). 

Interpretation of some features of low-frequency iono- 
grams, J. M. Watts, J. Atmospheric and Terrest. Phys. 
15, 73 (1959). 

Electron detachment from the negative hydrogen ion by 
electron impact, S. Geltman, Proe, Phys. Soc. (London, 
England) LXXV, 67 (1960). 

Transactions of the Joint Commission for Spectroscopy, 
Minutes of the Moscow Meeting, August 12-15, 1958 
(Abridged), J. Opt. Soc. Am. 50, No. 4, 396 (1960). 

“Tonization” of the hydrogen negative ion, S. Geltman, 
Proc. 4th Internatl. Conf. on Ionization Phenomena in 
Gases (North Holland Publishing Ce., Amsterdam, The 
Netherlands), Uppsala 17-21, p. IA 19 (1960). 

Cryogenic piping system design and installation, R. B. 
Jacobs, Heating, Piping and Air Conditioning, p. 148 
(1960). 
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The nova outburst. V. The temperature and radius of 
the central exciting star and observation of elements 
other than hydrogen, S. Pottasch, Ann. Astrophys J. 22, 
No. 4, 412 (Sept.—Oct. 1959). 

Plan for the self-qualification of laboratories, A. T. Me- 
Pherson. ASTM Bull. No. 246, 17 (1960). 

Cosmic examples of heat conduction in very rare rotating 
or expanding gases, S. Chapman, Ann. Geophys, 15, 434 
(Oct.—Deec. 1959). 

The structure of 0, 0’-diethyl methylphosphonothioate and 
conjugative properties of the P=S bond, H. Finegold, 
J. Am. Chem. Soc. 82, No. 10, 2641 (1960). 

Effect of notch geometry on tensile properties of annealed 
titanium at 100°, 25°, —78° and —196° C, G. W. Geil 
and N. L. Carwile, ASTM Proc. 59, 985 (1959). 

How the method of rating the cooling load for refrigerated 
trailers has been standardized, P. R. Achenbach, C. W. 
Phillips, and W. F. Goddard, Am. Soc. Heating, Refer. 
Air Cond. Engrs. J. 2, No. 5, 45 (1960). 

Analysis of methyl methacrylate copolymers by gas chro- 
matography, J. Strassburger, G. M. Brauer, M. Tryon, 
and A. F. Forziati, Anal. Chem. 32, No. 4, 454 (1960). 

The wavefront reversing interferometer, J. B. Saunders, 
Colloquium on Optics and Metrology, Sponsored by the 
International Commission of Optics, Brussels, Belgium, 
May 8-9, 1958. Published in Optics in Metrology, p. 227 
(Pergamon Press, New York, N.Y., 1960). 

Normal modes of a lattice of oscillators with many res- 
onances and dipolar coupling, U. Fano, Phys. Rey. 118, 
No. 2, 451 (1960). 

Calibration for carrier operated microphones and other 
reversible transducers, M. D. Burkhard, E. L. R. Corliss, 
W. Koidan, and F. Biagi, J. Acoust. Soc. Am. 32, No. 4, 
501 (1960). 

Detection and estimation of low concentrations of alde- 
hyde in air, E. E. Hughes and 8. G. Lias, Anal. Chem. 
32, No. 6, TOT (1960). 

Magnetoresistive effects in indium antimonide and indium 
arsenide, H. P. R. Frederikse and W. W. Hosler, Vol. 2, 
Pt. 2, of the book “Solid State Physics in Electronics 
and Telecommunications,” p. 651 (Academic Press, New 
York, N.Y., 1960). 

The NBS meteor burst communication system, R. J. Car- 
penter and G. R. Ochs, IRE Trans. Communs. Systems 
CS-7, 263 (1959). 

Characteristic energy losses of electrons, L. Marton, L. B. 
Leder, C. Marton, and M. I). Wagner, Proc. 4th Inter- 
natl. Conf. on Electron Microscopy, September 1958, p. 
281 (Berlin, Germany, 1960). 

Guiding of electromagnetic waves by uniformly rough 
surfaces—Part I, J. R. Wait, IRE Trans. Ant. Prop. 
AP-7, 8154 (1959). 

Spectra emitted from rare gas-oxygen solids during elec- 
tron bombardment, L. J. Schoen and H. P. Broida, J. 
Chem. Phys. 32, No. 4, 1184 (1960). 

Accurate microwave wavemeters with convenient calibra- 
tion tables, H. E. Bussey and A. J. Estin, Rey. Sci. Instr. 
31, 410 (1960). 

Radiation patterns of finite-size corner-reflector antennas, 
A. C. Wilson and H. V. Cottony, IRE Trans. Ant. Prop. 
AP-8, 144 (1960). 

Kinetics of the transport of water through silicate glasses 
at ambient temperatures, W. Haller, Phys. Chem. of 
Glass 1, 46 (1960). 

Flow and stress near an interface between stratified 
liquids, K. Lofquist, Phys. of Fluids 3, No. 2, 158 (March- 
April 1960). 

Heat sink method for measuring the cooling loads of re- 
frigerated structures, P. R. Achenbach and C. W. Phil- 
lips, Proc. 10th International Congress of Refrigeration, 
August 1959, Copenhagen, Denmark (1959). 

A technique for gripping high-strength fabrics during 
physical tests, K. F. Plitt and L. A. Dunlap, ASTM Bull. 
No, 246, 33 (1960). 

Heated cell for quantitative infrared spectrophotometry, 
F. J. Linnig and J. E. Stewart, Anal. Chem. 32, 891 
(1960). 
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An analysis of an absolute torsional pendulum viscometer, 
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